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(57) An innovative circuit for driving the write head. 

All of the driving transistors (QN3...8) are NPN, and are 
prevented from saturation. This is achieved by shifting 
and scaling down (SSA,SSB) the differential drive cur- 
rent applied to the pull-up transistors (QN3.QN4), to 
drive the pull-down transistors (QN8,QN7) with levels 



such that the pulklown transistors cannot reach satura- 
tion. This provides a very simple circuit in which all four 
of the drive transistors are NPN, and all are kept out of 
saturation. Moreover, the peal( write current applied to 
the head is precisely limited. 
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Description 

The present invention relates to circuits and methods for providing k>i-directionai drive currents to an inductive write 
head. 

Magnetic disk drives have been steadily iniproved since the 1950s, but nfx>st of the basic principles of operation 
have not changed. A head which includes a solenoidat coil is located In proximity to a rotating platter coated with a 
ferromagnetic or ferrimagnetic medium. By driving current through the coil, a magnetic field can be generated at the 
surface of the nr^gnetic medium which is strong enough to induce a transition in the magnetization of the medium. By 
reversing the cun-ent in the coil, the direction of nr^agnetization of the medium can be changed. The domain boundaries 
thus created can be sensed for reading, and are reasonably stable, and thus provide nonvolatile storage of data. Write 
amplifiers for magnetic disk drive heads must therefore drive rapid transitions of the current sense across the inductive 
write head. 

In a disk cfa-ive. traditionally the head was a coil (or more recently a thin film head which is equivalent to a coil), 
embedded in some form of a head that slid across the top of the disk platter, and positioned to create a magnetic field 
in a small area of the surface of the platter. By controlling the amount of current that flows to the coil, and switching it 
from one direction to the other direction, a series of magnetic dipdes wouki be aeated in the ferrimagnetic medium at 
the surface of the disk. 

Normally a "1" is indicated, on the disK by a transition in the magnetic field. No transition would inply a zero. (These 
transitions are synchronized in ways not relevant here.) 

A disk drive normally includes multiple head elements each mounted on respective arms. The arms nfX)ve across 
the disk and trace out various rings of magnetic data. If we couM see the magnetic domain boundaries In the magnetic 
medium on the disk, we would see chains of overlapping circles, almost like overiapping punch-outs, where the write 
head changed its magnetic field and pushed out a new flux domain. The written domains are spaced closely enough to 
overlap (and therefore very few of them are circular), but there is enough remaining area in each one to preserve the 
written data. 

As manufacturers move to higher disk rotation RPMs and/or smaller physical dimensions to which the write head 
is magnetically coupled, the bandwidth required for the write head steadily increases. The demands on the write anplif ier 
are fairly severe, and are rapidly becoming more so with improved head and magnetic film technologies. The present 
invention provides a high speed design, which can obtain very high bandwidth from conventional silicon technology, and 
provide transitions of about 100 million bits per second with typical head inductances, and potentially up to several 
hundred MHz for small inductances. 

Rgure 1 A shows a simplified circuit diagram of the connection of a write amplifier to a thin film disk head. The head 
appears to the amplifier as a predominantly inductive load of relatively large value (e.g. 600-800 nH). 

Rgure IB shows a more detailed model of the electrical properties of the thin film disk head, including its connec- 
tions. Typical magnitudes for the reactance conrponents shown are: 



C (toads) 


-5pF; 


(loads) 


700 nH; 


^(head) 


'•40Q; 



^(hoad) • lOOnH each. 

As of 1995, the read and write data rates are typically in the neighborhood of 1 80 megabits per secorxJ. Since each 
edge (rising or falling) con-esponds to one bit. the frequency is therefore typically in the neighborhood of 50 MHz. Achiev- 
ing this speed with the significant inductance of the head coil is not easy 

Inductive voltage is often stated as V « LxJl/dt : but to properly analyze the rise time effects in an inductive load, the 
basic inductance relationship should be stated in a way which preserves causality: 



That is. the correct causality (in a write head) Is that the voltage is changed, and this produces a change in current. Thus 
when the inputs to an inductive load are switched, the vdfage can be changed quickly, and the current will then ramp 
up in proportion to the time integral of the applied voltage. 

Rgure 2 is a current timing diagram, showing how the head current behaves during two transitions in opposite 
directions. Once the applied vohage reaches its maximum value, the current changes at a steady rate di/dt. 
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Figure 3 shows an Ideal voltage waveform for write drive. Suppose that the coil current has been constant for a 
relatively long time: the Inputs are in one direction, and the voltage across the irxJuctor is just an IR drop. When we 
switch the inputs, initially the current cani change in the inductor, so the inductor looks like an infinite resistance and 
the driver will rapidly slew to its full voltage swing y^x. This voltage Vsat causes a dl/dt in the inductor, and the current 
5 will change at a steady rate until the anplif ier approaches its current limit (a value wHch is programmed by the external 
resistor, in the presently preferred embodiment). Now as the current begins to level off at the new current level, the 
voltage across the inductor drops, until its connect'orts reach the same IR voltage magnitude which was originally present. 
(However, this new IR voltage has the opposite sign to that previously present.) 

The magnitude of the amplifier's peak voltage V^^, wilt determine the rate at which we can change the coll current. 
10 Typical values for Tslew 1 ^ are in the range of 4 to 9 nsec. 

The voltage slew rate of the write amplifier is also significant, since this too is a component of delay and limits the 
data rate. However, the time at Vsat, during which the current is changing at its peak rate, will normally dominate the 
switching time. 

Thus one important objective is to provide a sufficiently high magnitude of Vsat. A secondary objective is to provide 
IS an adequately high voltage slew rate at the amplifier output. A further objective is to provide an accurately regulated 
peak current. The disclosed circuit embodiments provide innovative circuit ideas which are advantageous in meeting all 
of these objectives. 

Propagation delay in the path into the write amplifier is relatively uninportant since it does not affect the data rate. 
To maximize switching speed in t>ipolar technology, it is desirable to keep the bipolar transistors from saturating. 

20 Moreover, the use of bpolar rather than MOS transistors provides additional headroom, since the diode drop of a bipolar 
transistor is only about 0.7 volts, as compared to a MOS threshold voltage of typk:aliy 1.0 or 1.1 volts. Tlie present 
invention drives the pull up transistors directly with a differential signal obtained by standard techniques, but uses a 
shifted and scaled version of the base voltage of the pull up transistors to drive the pull down transistors. Moreover, a 
current source regulates the current which can be drawn by the pull down transistors. 

25 It is also preferable to use NPN rather than PNP devices in speed-critical paths. Some attempts have been made 
to use PNP devices in bipolar drivers, txit the problem when high frequencies are required is that PNP drivers necessarily 
exhibit longer switching times, due to the lower nx^bility of holes. Thus, while the size of PNP drivers can be adjusted to 
provide a gain which is reasonably balanced with that of NPN drivers, mere sizing adjustments cannot solve the problem 
of switching time. 

30 In magnetic write applications, rt is desirable to carefully control the n^imum current provided. However, In other 
applications, this may not be necessary. 

tpnovatlve Write AynpfHter 

35 The present application discloses an innovative circuit for driving the write head. In this drcuit, all of tiie driving 
transistors are NPN. and ail are prevented from saturation. This maximizes their switching speed. This is achieved by 
shifting and scaling down the differential drive applied to the pull-up transistors, to drive the puW-dom transistors with 
levels such that tiie pull-down transistors cannot reach saturatk)n. This provides a very simple circuit in which all four of 
the drive transistors are NPN, and all are kept out of saturation. Moreover, the peak write cun-ent applied to the head is 

40 precisely limited. 

Note ttiat tiie innovative circuit is not a switching circuit and not an H-bridge, but rather a fully cfifferential doii^le- 
ended driving circuit. By contrast an H-bridge has four inputs and tiiey are driven by separate circuits which must be 
synchronized. By putting the level shifter right at the immediate output stage and decoding a differential signal to drive 
it we have bypassed all of that H-bridge switching circuits are conventionally used for low-speed bidirectional switching: 
45 but for Ngh-frequency capabilities such as is required by write amplifiers, such switching circuits are wholly Inadequate. 
Since the properties of magnetic media will vary between manufacturers, and as processes and materials are opti- 
mized, tiie write amplifier, in the presentiy preferred emtxxJiment provides precise mirroring of current drawn on an 
external pin. to accurately define the cunent that would flow in the coils. Thus, the drive manufacturer can accurately 
control tiie write current by changing the value of an external precision resistor to the ground, or alternatively by con- 
so necting a programmable current sink to tills pin. Thus tiie drive manufecture can change ttie current tor different head 
medium characteristics. 

The necessity for reversal of current direction on a differential output appears in other applications also, including 
drivers for vok^e coils and other small electromechanical actuators, ultrasonic transducers for imaging at VHP and higher 
frequencies, and switching or phase-shifting of microwave signals. The discfosed circuit can be advantageous in these 
55 and many ottier analogous applications. 

The disclosed inventions will be descrit>ed with reference to the accompanying drawings, which show important 
sample embodiments of tiie invention and which are incorporated in the specification hereof by reference, wherein: 
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Rgure 1 A shows a simplified circuit diagram of the connection of a write amplifier to a thin film disk head, and 
Rgure 1 B shows a more detailed model of the thin film disk head, including its connections- 
Figure 2 is a current timing diagram, showing how the head cun'ent behaves during two transitions in opposite 
directions. 

5 Rgure 3 is a vottage timing diagram, showing how the vottage across the head Is changed during a single transition 
as performed by the circuit of the present invention. 

Rgure 4 is a simplified circuit diagram generally showing the write amplifier of the presently preferred embodiment. 
Rgures 5A, 5B, and 5C are three parts of a single drawing which shows the presently preferred entxxliment 
Rgures 6A, 68, 6C. and 6D are three parts of a single drawing which shows a sanple drive head interbce which 
10 advantageously incorporates a write amplifier accading to Rgures 3 or 4. 

The numerous innovative teachings of the present application will be described with particular reference to the 
presently preferred embodiment (by way of example, and not of limitation), in which: 

Rgure 4 is a simplified circuit diagram generally showing the write amplifier of the presently preferred embodi- 
es ment. In this circuit diagram it may be seen that two shifting ^ scaling blocks SSA/SSB translate the base drive cun^ents 
of the two pull-up transistors QN3/QN4 to provide appropriate base drive currents for the two pull-down transistors 
QN8/QN7. This provides rapid non-saturating operation, as described above. 

The goal of this circuit is to switch the inductive load in such a way that during the transient, as weU as during the 
steady stage, none of the NPN transistors are allowed to go into saturation. This avoids any need to charge base capac- 
20 itances. and the circuit therefore operates relatively quickly 

Rgures 5A, 5B, and 5C are three parts of a single drawing which shows details of the presently preferred entxxl- 
iment of the write amplifier. In this drawing the power path is delineated by tripled lines. 

The innovative write amplifier desaibed herein receives, as input, a differential signal which is ECL conpatiUe. 
(These signals are "PECL." i.e. positive ECL. in the presently preferred embodiment. In systems v«th 5V supply, such 
25 Signals typically use voltage levels of 3.95±0.25V. i.e. supply voltage minus 1 .3V and supply voltage minus 0.8V. This is 
a digital signal representing the data to be written. 

Transistors QN1 5/QN1 6 provide a cfifferential input stage, driven by differential inputs VwPA/wN . (This is an emitter 
follower circuit biased with a current source, namely Q^426 pulling to ground.) Level-shifting is provided by diodes QN1 7- 
20. and the differential output drives a second (and larger) differential pair QN1 3/QN1 4. The reason for this level-shifting 
30 is that there is a differential pair aeated by QN13 and QN14 which is going to steer a bias current (created by QN24) 
to pull down on the two resistors R1/R2atthe top. If the input to the QN13/QN1 4 differential stage swung rail to rail, the 
voltage drop across one of the resistors R1/R2 could become relatively large (about 2.9 volts with the I.SKO resistor 
values of the presently prefened embodiment). Therefore, if we didn1 level shift with the two diodes on the emitter follower 
stage, the emitters of QN 1 3 and 0N1 4 couM rise too high, such that if all the current flowed through one resistor, it would 
35 pull down the collector voltage of one of the drivers QN13/QN14 to the point where the device saturated, which is unde- 
sirable. The level-shift also prevents QN1 3 and QN14 from saturating even if the common mode signal on VwP and VwN 
goes up to the positive supply. 

The QN13/QN1 4 differential pair (loaded by resistors R1/R2) is connected to drive the NPN pull-up transistors 0N3 
and QN4, which are respectively connected to drive the write head connections TRHP/TFHN. (The circuitry shown is 
40 preferably located close to the bond pads, to reduce the inductance of the on-chip wiring. Similariy, depending on space 
constraints of package size and layout, wide wiring can optionally be used for routing the signals to the bond pads, and/or 
multiple bond pads and/or bond wires can be used for external connection to these signals, to reduce parasitic induct- 
ance.) 

The voltage of the base of QN3 is translated by QN1 and scaled by the resistor ladder R3+R4+R5 to a reduced 
45 fraction of the margin above QN9 (i.e. to a reduced fraction of a voltage whk:h is two Vq^s above ground): 
Transistor QN5 receives this voltage on its base, and drives a cor 

R5 

50 

responding base current onto pull-down transistor QN8. Thus when QN3 is turned on (pulling terminal TFHP high), 
transistor QN8 is automatically also turned on (pulling terminal TFHN low. and thus piiling current through the write 
head from TFHP to TFHN). 

55 The other pull-up transistor QN4 is connected to an klentical shifting and scaling drcurt: the voltage of the base of 
QN4 is translated by QN2 and scaled by the resistor ladder R&f R7^R8 to a reduced fraction of the margin above QN1 1 
{i.e. to a reduced fraction of a voltage which is two Vg^s above ground). Transistor QN6 receives this voltage on its base, 
and drives a corresponding base cunrent onto pull-down transistor QN7. Thus when QN4 is turned on (pulling terminal 
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TFHN high), transistor QNTZ is automatically also turned on (pulling terminal TFHP kw, and thus pulling cun-ent through 
the write head from TFHN to TFHP). 

Note that the various stages are driven by emitter current sources of tao types: the output stage current is controlled 
by input Ihead which defines the permissible head current and the other stages' currents are defined by a bias cun^ent 
5 input IblasW. In a write amplifier, we also have to control the amount of cun-ent to limit the maximum curent in the head. 

The MOS transistors lffN2/MN3 at the bottom right disable the write anrpWier (by disabling the current sources) 
when the write mode, as indicated by active-low signal WV is inactive. 

In the presently preferred embodiment, the inputs VwP and VwN are not only PECL signals (and accordingly ref- 
erenced to the positive supply), but are also defined to have a special operation mode where the common mode voltage 
w can go up to the positive supply voltage (45V in this example). 

The current source which feeds the is drawn as two parallel transistors QN28 and QN29 to indicate a layout feature: 
form the current source. Those two transistors are actually laid out as two separate devices . They are being mirrored 
off of the current in QN30 and QN31 . which are also laid out as two separate (but much smaller) devices. Therefore, the 
ratio of the current flowing in QN30-iON31 to the cun-ent flowing in QN28-«ON29 would be quite predsely 1 :20. The two 
15 pairs of transistors are laid out in a crossing pattern, so that the pairs have the same centroid. This is done to achieve 
precise matching. 

QN21 plus resistors R9 and R1 0 forms a Vge multiplier. Note that base current compensation is used in the current 
minror architecture, to mirror as exactly as possible, to provide exactly 20 times Ihead '^^ the collectors of QN28 and 29. 
The accuracy in the write amp is not required by the write operation itself, but in order to permit the drive manufacturer 

20 to control exactly the current at the write head. The drive manufacture will specify the write head current with an external 
program resistor. The drive manufacturer wants to have as much control over that value as possible. The drive manu- 
facturer wants to be able to measure that resistor and plug its value into a formula and calculate the head cuaent exactly 
For different media head characteristics, different currents may flow in the head. Moreover, the head may be manufac- 
tured with some error, or may float fractions of a micron higher than normal, or the media may be coated so that Hs 

25 thickness is a little too high or low. Depending on these manufacturing variations, the drive manufacturer may wish to 
increase or decrease the head current. Note also that the manufacturer does not necessarily have to use an extemal 
resistor to set that current: alternatively a D/A converter plus a voltage to current converter can be used. This arrangement 
permits the drive manufacturer to simply use a binary word to program the current to ground; by connecting that current 
to pin Ihead. the manufacture can control the head cun-ent to be exactly 20 times Ihead. Thus, the drive nwnufacturer 

30 can vary the head cun-ent programmably on the fly, to optinnize his write characteristics. 

The bottom line is they want to fiddle, and not only do they want to fiddle, but they want to know what that value is 
and they'd like it to be as accurate as possible. The spec calls out 8% which is pretty gross, and we like to blow that 
away to make sure that we're better than our competition. We control to even 1%. And this cun'ent min-or is an example 
of that type of accuracy. MOSFET MN4 (W/L 50ji/1 .2|i) feeds the bases of the QN30, QN31 . QN28. and QN29 cunrent 

35 min-or. This avoids any base current en'or in the cunrent mirroring. Moreover, since the NMOS device has about a 1 vdt 
threshold, the gate of that NMOS device would hover about 1 volt about the base connectfori which is .7 volts above the 
emitter, which means the Vce on QN30 and QN31 will be 1.7 volts and the Vce on QN28 and QN29 will typically be 
around .91 volt, which is the reason why the Vbe multiplier is used in the presently preferred embodiment That is, the 
cun-ent min-or by itself would suffer an Early voltage effect, since the Vce on QN3Q+QN31 would be bigger than the Vce 

40 on QN2a+QN29. However, the Vbe multiplier drops the Vce voltage of QN30+QN31 to make it more corectly match 
the Vce of QN29. 

Note the connections of emitter coupled differential pair QN7/QN8, driven by the pull-up emitter followers QN3 and 
QN4. The combination of these provides a current limited bipolar output drive stage. The current limiting is provided by 
the current source. QN28/QN29. Four large transistors provkle the bipolar output: QN3, QN4 are the sourcing transistors, 

45 and QN7 and QN8 are the sinking transistors. The maximum amount of current that you can get to flow across the 
terminals TFHP and TFHN is determined by the current source QN28/QN29. To send current out of the TFHP terminal, 
we want to drive the base of QN3 up to the rail. We would like TFHN to sink current then, in whk:h case we want QN4 
to be driven way down so that the emitter base junction eventually becomes reverse biased and fails out of the picture. 
QN8 sinks all of the current created by the cuaent mirror QN28/QN29. That would correspond to cun-ent flowing in one 

50 direction • into TFHP and out of TFHN. If current flows in the other direction, the picture is exactly reversed and QN4 
woukl source cunrent to terminal TFHN, and QN7 would sink current from the terminal TFHP. 

Now consider what happens during transient switching, and why all these transistora are never driven in saturation. 
(Clearly, QN3 and QN4 can never be in saturation because the bases can1 go above the supply) Now consider the case 
where QN3 is driven to the plus supply: none of the biasing cunrent QN24 is steered through R1 , so R1 has essentially 

55 no voltage drop. (Eventually R1 will see a tiny voltage drop, due to the base cunrent drawn by QN3 times R1 : but this is 
almost uniform because it also happens in the other rail.) When QN3 is pulled to plus supply QN1 acts as an emitter 
follower, but the output of QN1 is level shifted by the resistor ladder R3+R4+R5 . These resistors (and the two dodes 
QNg/QNlO) provide level shifting in a proportional way The function of these elements is not merely shifting, but shifting 
and scaling. QN9 and ON 10 nuika two diodes, so the collector of QN9 is at 1 .4 volts (2Vbe)- The 1 :3 scaling provided 
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' by the resistor lacJder means that the base of QN5 will be 1/3 the voltage difference between the emitter of QNI and the 
collector of QN9, so that as the emitter voltage of QN1 goes up and down, we get not only a level shifting on there, but 
also a voltage division effect. 

The result of this shifting and scaling is that when QN3 has its base pulled to plus supply, the base of QN5 will be 
5 pulled to a higher voltage than the base of QN6 (which Is connected just like QN5. except that QN6 is driven by the 
emitter follower stage on QN2). 

When R1 was shut off. the voltage drop across R2 goes down 2.9 volts, because all the bias cun-ent of QN24 is 
steered through R2. Therefore, tfie emitter follower QN2 has its base going down 2.9 volts, which means that the voltage 
on QN6 is going to be lower than the voltage on QN5. In the presently preferred embodiment. QN5 and QN6 are straight 
10' emitter followers, biased from QN22 and QN23. 

Basically, the pullup side of the bridge is pretty normal. WeVe got a differential anrplif ier, we're coming in and driving 
that in a way that's dictated by this particular application, but the way that we &We the pulldown side of the H-bridge. 
that's where we have the problem of making sure that we doni saturate. How do we do that? We are mirroring current 
out of each of our pullup transistors, we are shifting and scaling that current and using it to drive the gate of the respective 
IS pulldown with respective opposite pulUown transistors. And that, plus the limited cun-ent source on each half-brkJge 
given us this relation where the preliminary driving stages let us avokJ saturation on the pullups and this linkage avoids 
saturation of the pulldown. 

As discussed above, when we initially try to switch the current on the inductor, that inductor is going to took like an 
irrf inite resistance instantaneously Thus we have to provide a current path inside the amplifier stage such that, although 

20 no current f k3ws through the inductor, the programmed cun^ent will flow through the inside of the stage. Consider the 
case where programmed current is f fowing steadily state from TFHP to TFHN. and then the base of QN3 is pulled up 
and the base of QN4 is pulled down. The base of QN4 wouW be pulled down 2.9 vdts and the base of QN3 will be 
almost at the plus siw'y. minus an IR drop across the 1 .5K due to the base current of QN3. The programmed current 
will typically be 10 to 20 milliamps at the output stage, so divMIng that by a typical beta of 100 shows a typical 100 to 

25 200 microamps of base current. This base cun^ent ftowing through the 1 .SKCl resistors will give you an IR drop of about 
1 50-300 mV voltage. However, the TFHP terminal is necessarily 0.7 volts down from the base of QN3 plus a little IR drop. 

Since a typical head has a 10 ohm on resistance, a typical 10 milliamps of programmed current results in about .1 
volt drop across the terminals TFHP and TFHN. That's .1 volt in the steady state, not the transient. If TFHP is hanging 
about .8 voHs below plus supply (due to the QN3 plus the IR drop across R1). then TFHN is hanging about .9 volts from 

30 the plus supply. Since the bases of QN4 and QN2 have been switched by R2 to 2.9 volts below plus supply, the base- 
emitter junction of QN4 is reverse biased and out of the pk;ture. In additton. the Vce on QN4 is big enough to keep QN4 
outofsaturatfon. 

Now consider the level shifting done by QNI and QN2. the emitter followers that feed the resistive dividers, which 
are tapped into another pair of emitter followers created by QN5 and QN6 to drive the lower transistors. When the base 

35 of QN3 is at plus supply, this also causes the base of QNI to go to plus si^y. which causes the base of QN5 to be 
. higher than the l>ase of QN3. which causes the base of QN8 to be higher than the base of QN7, and therefore, all of 
the programming current is steered through QN8 and is being pulled out of the TFHN node. That is the steady state for 
current flowing out of the TFHP into the TFHN. 

When we switch the inputs instantaneously, we are trying to reverse that whole picture, but the coil is initially going 

40 to act like an infinite resistance. As soon as we apply a voltage across the coil, we get a dl/dt that corresponds to the 
driven voltage, and the current is going to ramp in the opposite direction until it reaches the programmed value. When 
it reaches the programmed value, it is going to slide into the steady state and the voltage across the head is going to 
be reduced to the I R drop again. So that trarrsient is designed to pump as big a voltage as possible aaoss the inductor, 
to ramp the current in the opposite directfon as qufokly as possible, and then let the programmed current oome in and 

45 limit the voltage drop aaoss the inductor. 

The stage is designed to switch as big a voltage as possible across the coil, to maximize dl/dt (The bigger the V 
the bigger the dl/dt.) The large applied voltage will renr^in until the cunrent on the inductor ramps up in the opposite 
direction to equal the progranmed value. When it equals the programmed value, the circuit is going to shift and allow 
the IR drop across the coils to be the steady state value. Now consider the transition between those two points: note 

50 first that all the transistors remain in the active region, and we provide a path for the programmed value of current to 
flow through the internal part of the circuit while it is ramping up in the coil. 

Suppose that QN3, after being at plus supply, is switched, and the base of QN3 goes down. Instantaneously, the 
connection between TFHP and TFHN tooks like an infinite resistance, and with QN3 going down. QN7 is going to want 
to conduct all of the current. 

55 The base of QN4 is going to go to the plus supply rail and start sourcing current However, TFHN will not source all 
of the programmed cunent. because instantaneously the inductance will act like a large resistance. The inductance can 
be thought of as a current source, during the delay until the current decays and then drives in the opposite direction. 
Thus when QN3 is driven down it will not pass current, but neither will any cunrent flow into QN7. Instead, current will 
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flow out of QN4. because QN4 is new being switched to the plus supply and the coil is looking like an infinite resistance. 
Thus the current goes through QN8. and actually ftows straight down that vertical path. 

Thus under this transient condition the circuit - unlike any bridge circuit - carries aowbar current. This routing of 
crowt^ar current during the time of the inductor's ranip up keeps the switching speed high. When QN4 goes high, it wants 

5 to source current out of the inductor into the node TFHP; and QN2 necessarily also goes high, and wants to turn on 
QN7. QN7 will want to sink cun-ent into TFHP. 

QN2 drives the resistor ladder, and drives QN6 to turn on QN7. Note that there is an alternate path. Again, suppose 
we are initially in the steady state where TFHP was sourdng current and then we switch (/.e. the base of QN4 goes to 
plus supply and QN4 tries to source cun^ent). QN3 is switched low and the base of QN3 is going to see a 2.9 volt drop. 

10 The coil is going to act like an infinite resistance, but QN7 wants to sink the current The reason QN7 wants to sink the 
cun-ent is because the base of QN6 was switched by QN2 to plus supply, so that we are sourdng current out of TFHN 
via QN4 and sinking current with QN7. But the instantaneously Infinite resistance of the coil will cause the emitter of 
QN3 to act as the load for QN7. Now the connection TFHP will be pulled down 0.7 volts, and QN3 will end ip sourdng 
all the current for QN7 and eating up all of the program current None of the current will flow through QN4 • instead we 

IS will end up with a diode drop across QN4 - so the TFHN terminal will go to about .8 volts below plus supply. The TFHP 
terminal will go 2.9 + a Vbe below the TFHN terminal. The IR drop across R1 ends up being the instantaneous voHage 
being switched across the coil. Now current flows through QN3 into QN7, and we have this 2.9 applied voltage aaoss 
the coil. 

New the current begins to ramp up in the coil, and as the cun-ent ramps ip in the coil the cun-ent flowing through 
20 QN3 begins to go dowa but as long as there is current f towing in QN3 there will be a Vbe drop, and TFHP will be 2.9 
volts below TFHN. As the current ramps up in the coil, ail of the programmed current begins to be absorbed by QN7. 
All of a suddea the Vbe on QN3 goes away, because ail of the current is now flowing through the coil and the coil voltage 
begins to rise, reverse biasing the junction on QN3. So what you see is instantaneously. TFHP goes 2.9 volts below 
TFHN and all of the current flows through QN3 and QN7 to the programming current source, and then as the current 
25 ramps up into the coil, according to the dl/dt created by the 2.9 volts, the current in the coil eventually equals the pro- 
gramming current value. The 2.9 volts across R1 minus the Vbe of QN3 is still well above the emitter voltage of QN7. 
and keeps QN7 in the active range, which is an advantageous result of the level shifting of QN6 and the resistor voltage* 
dividing ladder. That guarantees that the base of QN7 is suffidently betow the emitter of QN2. so that QN7 will not 
saturate. 

30 Rgures 6A, 6B. 6C, and 6D are three parts of a single drawing which shows a sample drive head interface which 
advantageously incorporates two write amplifiers WRDO and WRD1 according to Figures 3 or 4. This interiace indudes 
connecttons (TFH1N/P and TFH2N/P) for two thin-film write heads, and also includes connections (MRHON/P and 
MRH1 N/P) for two magnetoresistive read heads. Biasing for the magnetoresistrve read heads is provided by circuit 
blocks RDBO and RDB1. Read amplification is provided by drcuit blocks RDIO/RDOO and RDI1/RD01. The operation 
35 of these blocks is described in greater detail in the following applications, all of which have effective filing dates identical 
to that of the present application, and all of which are hereby incorporated by reference: 

EP Application No . entitled ^'AC Input Stage with Reduced Transient Time for Use in Mul- 

tiplexing Transducers that Require a Switched DC Bias" (Agents Ref : 791 1 4) 

EP Application No entitled "Symmetrical Resistive Transducer Biasing Circuit and Meth- 

^ ods" (Agents Ref: 791 1 5) and 

EP Applk»tion No entitled "Differential Amplifier with Proxy Load for Control of Output 

Common Mode Range" (Agents Ref: 791 16) 

Note that the innovative drcuit provides a transmission line driver, which can be used for other transnrvssion line 
driver applications. 

45 For maxinr^ speed, K is important (at least in silicon) to use NPN transistors rather than PNR PNP transistors are 
slower than NPN transistors, and their parasitics are much bigger. This is not just a question of time, but also a, question 
of carrier lifetime and charge storage. PNPs also have a bwer beta. 

Bipolars also have a significant advantage over FETs: the magnitude of an NPN transistor's Vbe is .7 volts, whereas 
the threshold en a FET is typk;aliy greater than 1 volt This provides increased headroom. 

50 . One of the key features of this drcuit is taking the signal that is switching, for example QN3 to the plus supply and 
using it to drive the opposite transistor QN8 high enough to turn on and sink the cun'ent. and that level shifting drcuit is 
so immediate, so dose to the stage, ttiat we almost wiped out the need to conceive of this thing as an H-brUge. It's 
really just a differential driver, and the signal that is coming into QN3 driving QN3 high is also switching QN8. The signal 
that's switching QN4 is driving QN7. and that kind of diagonally opposed cross coupling is the key to the whole drcuit. 

55 and the feet that ifs 1 00% NPN designed. 1 00% NPN designed translates into the highest possible speed of operation. 
As will be recognized by those skilled in the art. the innovative concepts desaibed in the present applicatk}n can 
be nxxlified and varied over a tremendous range of applications, and accordingly the scope of patented subject matter 
is not limited by any of the specific exenf)plary teachings given. For example, as will be obvkHis to those of ordinary skill 
in the art. other drcuit elements can be added to, or substituted into, the specific circuit topologies shown. 
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For another example, the sample circuit of Rgure 1 can easily be modified to include other level-shifting and buffering 
stages. 

For another example, the sample circuit of Figure 1 can easily be modified to even operate from a single-ended 
data input signal if desired. 

For another example, more stages or fewer stages of anpW ication can be used. 

For another example, the nonsaturating driver circuit can be used without the precision circuitry for external write 
current selection. 

For another example, if heterojundion bipolar processes reach production, the claimed circuit can be readily adapted 
to use heterojunction bipolar transistors. 

In a further alternative and less preferred dass of embodiments, the disclosed circuit can also be adapted to use 
with PNP drivers. Obviously NPN is preferable, but the circuit innovations will at least provide better performance from 
a PNP process than might othenwse be available. This may be useful, for exanple, in certain BiCMOS processes which 
do not provide a good NPN transistor. 

In one alternative dass of embodiments, the differential drive is applied directly to the low side (rather than to the 
high side), and is shifted and scaled to provide differential drive cun-ents for the high side (rather than the low side). 

In some alternative and less preferred embocSments, it may alternatively be possible to merely translate one set of 
base drives to generate the other set of base drives. However, this is much less preferred, since it risks sacrificing the 
balance of on-state admittances achieved by the primary preferred embodiment 

Another possible application of the disdosed innovative drcurt would be a voice coil driver. Other applications would 
be in other fast positioning applications where youVe got an inductive load and you really want to be able to make a 
rapid transition. 

Another application is for ultrasonic drivers for operation at very high frequendes. This can be advantageous for 

medical imaging. 

With loads of smaller inductance values, the disdosed drcuit has the potential to operate at hundreds of megahertz 
with conventional technok)gy. 

The disclosed innovations also provide future capability for magnetic head technology: as heads and media undergo 
further development, the disclosed innovative drcuit can readily be adapted to higher write speeds. 

A further applicatkxi is for extremely simply VHP and UHF transmitters, although of course the off-chip coupling will 
have to be implemented with technology which reduces parasitic inductance. 

Another possMe application is phased-array radar systems, to get the bandwidth needed to rapidly steer the beam. 

Claims 

1 . An integrated drcuit. comprising: 

circuitry for buffering an input signal, and for providing a caresponding buffered differential signal: 

a first pair of differentially connected NPN transistors, operatively connected to be driven by said buffered 
differential signal, and operatively connected to drive a respective pair of output terminals in a first direction; 

shifting drcuitry conneded to shift and scale down the base voltages of said first pair of transistors, to provide 
differential current outputs con^esponding to shifted and scaled copies of the base currents of said first pair of tran- 
sistors; and 

a second pair of differentially conneded NPN transistors, operatively conneded to be driven by said differ- 
ential current outputs of said shifting circuitry, and operatively connected to drive said pair of output terminals in a 
second direction which is opposite to said first diredion; 

wherein sakJ shifting circuitry is proportioned to produce said differential cunrent outputs at a voltage whk:h 
cannot drive said second pair of transistors into saturation. 

2. An integrated circuit, comprising: 

an external connedion for receiving a programmed current input; 

drcuitry for buffering an input signal, and for providing a corresponding buffered dfferential signal: 
a first pair of differentially conneded NPN transistors, operatively conneded to be driven by said buffered 
differential signal, and operatively conneded to drive a respective pair of output terminals in a first diredion; 

shifting drcuitry conneded to shift and scale down the base voltages d said first pair of transistors, to provide 
differential current outputs coaesponding to shifted and scaled copies of the base currents of saM first pair of tran- 
sistors; and 

a second pair of differentially conneded NPN transistors, operatively conneded to be driven by said differ- 
entiaJ cunent outputs of said shifting circuitry, and operatively conneded to drive saki pair of output terminals in a 
second direction which is opposite to said first diredkxi; 

wherein said first and second pairs of transistors are jointly connected to pass a total cunrent which is strictly 
proportional to said programmed current input: 
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wherein said shifting circuitry is proportioned to produce said differential current outputs at a voltage which 
cannot drive said second pair of transistors into saturation. 

3. An integrated circuit, comprising: 

circuitry for buffering an input signal, and for providing a corresponding buffered differential signal; 

a first pair of differentially connected NPN transistors, operativeiy connected to be driven by said buffered 
differential signal, and operativeiy connected to drive a respective pair of utput terminals in a first direction: 

voltage scaling circuitry, connected to scale down the differential variation in base voltages of said first pair 
of transistors, to provide differential current outputs corresponding to shifted and scaled copies of the base currents 
of said first pair of transistors, said voltage scaling circuitry including a tapped ladder of load elements; and 

a second pair of differentially connected NPN transistors, operativeiy connected to be driven by said differ- 
ential current outputs of said shifting circuitry, and operativeiy connected to drive said pair of output terminals in a 
second direction which is opposite to said first direction; 

wherein said first and second pairs of transistors are jointly connected to pass a total current which is limited 
by a current source; 

wfierein said shifting circuitry is proportioned to produce said differential cun'ent outputs at a voltage which 
cannot drive said second pair of transistors into saturation. 

4. An integrated circuK. comprising: 

first external connections for one or more thin film write heacte; 

second external connections for one or more magnetoresistive read heads; 

a third external connection for receiving data to be written; 

read interlace circuitry for providing a bias cunent to said second external connections, and for amplifying 
AC voltages received on said second external connections; 

write amplifier circuitry for driving said second external connection in accordance with signals received on 
said third external connection; 

wherein said write amplifier comprises 

drcuitry for buffering a differential input signal, and for providing a corresponding buffered differential signal; 

a first pair of differentially connected NPN transistors, operativeiy connected to be driven by said buffered 
differential si^, and operativeiy connected to drive a respective pair of output terminals in a first direction; 

shifting circuitry connected to shift and scale down the base voltages of said first pair of transistors, to provide 
differential current ou4)uts corresponding to shifted and scaled copies of the base cun^ents of said first pair of tran- 
sistors; and 

a second pair of differentially connected NPN transistors, operativeiy connected to be driven by said dffer- 
ential current outputs of said shifting circuitry, and operativeiy connected to drive said pair of output terminals in a 
second direction which is opposite to said first direction; 

wherein said shifting circuitry is proportioned to produce said differential current outputs at a voltage which 
cannot drive said second pair of transistors into saturation. 

5. The integrated circuit of any one of claims 1 to 4. wherein said shifting circuitry comprises both voltage scaling 
circuitry, which scales down the differential base voltages of said first pair of transistors, and an emitter follower 
transistor which provides said current output con-espondingly. 

6. The integrated circuit of any one of daims 1 to 4. wherein said shifting circuitry scales down the differential base 
voltages of said first pair of transistors by more than SO percent 

7. The Integrated circuit of any one of claims 1 to 4. wherein said shifting circuitry includes a tapped ladder of load 
elements. 

8. The integrated circuit of any one of claims 1 to 4, wherein said shifting circuitry includes a tapped ladder of load 
elements, and also includes elements, interposed between said tapped ladder of load elements and ground, which 
provide a fixed voltage offset. 

9. The Integrated circuit of any one of claims 1 to 4. wherein said input signal is differential. 

10. The integrated circuit of any one of claims 1 to 4. wherein said input signal is a positive ECL signal. 

1 1 . The integrated drcuit of any one of daims 1 to 4. wherein said input signal is referenced to a positive supply voltage, 
and can have common mode range up to said positive supply voltage. 
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12. A method for driving an inductive load, oonnprising the steps of: 

(a) buffering a differential input signal to generate a corresponding buffered differential signal; 

(b) pull ing one of a pair of output ternninals In a first direction, through one of a first pair of differentially connected 
NPN transistors which are operatively connected to be driven by said buffered cfifferential signal, said first pair 
of transistors being always held out of saturation; 

(c) shifting and scaling down the base voltages of said first pair of transistors, to provide differential current 
outputs con-esponding to shifted and scaled copies of the base currents of said first pair of transistors; and 

(d) pulling the other of said pair of output terminals in a second direction, through one of a second pair of 
differentially connected NPN transistors which are operatively connected to receive base current from said 
differential current outputs, said differential current outputs always having values such that said second pair of 
transistors are always held out of saturation. 

13. A method for driving an inductive write head, conprising tine steps of: 

(a) buffering a differential input signal to generate a corresponding buffered differential signal; 

(b) pulling one of a pair of output terminals in a first direction, through one of a first pair of differentially connected 
NPN transistors which are operatively connected to be driven by said buffered differential signal, said first pair 
of transistors being always held out of saturation; 

(c) shifting and scaling down the base voltages of said first pair of transistors, to provide differential current 
outputs corresponding to shifted and scaled copies of the base currents of said first pair of transistors: and 

(d) pulling the other of said pair of output terminals in a second direction, through one of a second pair of 
differentially connected NPN transistors which are operatively connected to receive base current from said 
differential current outputs, said differential current outputs always having values such that said second pair of 
transistors are always held out of saturation; 

wherein said steps (b) and (d) are performed by circuitry which is connected to provide a limited maximum 
current, at said output ternninals. which is strictly proportional to an externally received cun-ent input. 
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FIG. 3 




12 



3 



EP0720151 A2 



TFHP- 



3k|R3 



3k|R4 
0N5 



3K 



QN4 



(20) 



IQN3 



02) 



QN9 



R5 



QN10 
TFHN 



QN7 



QN22 



0) 



QN2 



(2h 



3K^R6 



3k|r7 



QN6 



QN8 



020) 



QN28 



(20) 



3KIR11 



3K|R8 



TO 
5B 



QN11 



QN12 



QN23 



(1) 



(20) 



QN29 



20KIR12 3K: 



:R13 



FIG. 5A 



13 



EP0720151 A2 



1.5K|R1 



1.5KIR2 



FROM 
•5A 



(4h 



QN13' 



QN16 



<3VwP 



(1) 

(0. 



QN15 



■<3VwN 




QN17 



QN19 



QN14 



QN24 



ON 18 ^'4fQN20 



50/i/1.2/*Hl 



MN4 



TO 
5C 



QN25 S QN26 



(4) 



150 



(1) 



R14 eOOlRlS 600IR16 



0) 



FIG, 5B 



14 



EP0720151 A2 



olbiosW 




15 



EP0720151 A2 



CO 



P -i^ — H> -o- -1 r ^ "v" •<T>* 



>rl> 



HI' 



<: 
o 



O o 



-,1 ^^>-r^' 1 



HI' 



O a> 



en 



CD" 



111 



h-0- 



o 
CO 



o S5 .-SS 
a: ul *S 



17 



EP0720151 A2 




EP0720151 A2 




19 



(19) 



J 



(12) 



(88) Date of publication A3: 

28.08.1996 Bulletin 1996/35 

(43) Date of publication A2: 

03.07.1996 Bulletin 1996/27 

(21) Application number: 95309393.7 

(22) Date of filing: 22.12.1995 



Europfllscties Patentamt 
European Patent Office 
Office europ6endes brevets (11) EP 0 720 151 A3 

EUROPEAN PATENT APPLICATION 

(51) Int Cl.«: G1 1 B 5/02. H03K 1 7/66 



(84) Designated Contracting States: 
DEFRGB IT 

(30) Priority: 30.12.1994 US 366793 

(71) Applicant: SGS-THOMSON 
IMICROELECTRONICS, INC. 
Carrollton Texas 75006-5039 (US) 



(72) Inventor: Cammeron, Scott Warren 
MUpitas, Callfomla 95036 (US) 

(74) Representative: Palnier, Roger et al 
PAGE, WHITE & FARRER 
54 Doughty Street 
London WC1N2LS(GB) 



CO 
< 

o 

CM 

O 

D. 
LU 



(54) Differential high speed inductive driver with a l3idirectional cunrent limiting output stage 



(57) An innovative circuit for driving the write head. 
All of the driving transistors (QN3...8) are NPN. and are 
prevented from saturation. This is achieved by shifting 
and scaling down (SSA,SSB) the differential drive cur- 
rent applied to the pull-up transistors (QN3.QN4). to 
drive the pull-down transistors (QN8.QN7) with levels 



such that the pull-down transistors cannot reach satura- 
tion. This provides a very simple circuit in which all four 
of the drive transistors are NPN. and all are kept out of 
saturation. Moreover, the peak write current applied to 
the head is precisely limited. 
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